The results of several studies have shown that persons infected with HIV have an elevated cancer risk compared with the general population, [15] [16] [17] [18] which may be attributable in part to the higher prevalence of traditional cancer risk factors in the HIV-infected population, including smoking, [19] [20] [21] alcohol use, [21, 22] and coinfection with oncogenic viruses. [23] [24] [25] [26] However, persistent chronic inflammation and HIV-related immunodeficiency may also affect cancer incidence as well as survival after cancer diagnosis. [27] [28] [29] In the cART era, cancer is a major cause of death among persons infected with HIV, [11, 30] and the epidemiology of cancer among persons infected with HIV is changing. [31] However, little is known about survival among persons infected with HIV with newly diagnosed cancer in the United States. Most published studies are either from cohorts in other (non-US) countries or evaluate survival among persons infected with HIV with a single cancer type in small cohorts. [32] [33] [34] [35] [36] [37] [38] [39] We examined cancer incidence and all-cause mortality after cancer diagnosis among HIV-infected persons enrolled in the HIV Outpatient Study (HOPS). In addition, we examined factors associated with cancer incidence and those associated with mortality after cancer diagnosis. Furthermore, we evaluated survival after cancer diagnosis stratified by cancer type (acquired immune deficiency syndrome [AIDS]-defining, non-AIDS-defining infection-related cancers [NADCI] , and non-AIDS-defining noninfection-related cancers [NADCNI] ) and included a variable for HOPS calendar period of cancer diagnosis, stratified into 3 time periods (1996-2000, 2001-2005, 2006-2010) , to account for improvements in patient management and HIV treatments during the cART era.
METHODS

Study Population: The HIV Outpatient Study
The HOPS is an ongoing, prospective, observational cohort study of HIV-infected patients receiving care since 1993. For the present analyses, we analyzed data from 15 HIV clinics (university-based, public, and private) in 10 US cities (Atlanta, GA; Chicago, IL; Denver, CO; Stonybrook, NY; Oakland/San Leandro, CA; Walnut Creek, CA; Philadelphia, PA; Tampa, FL; Portland, OR; and Washington DC) participating in the HOPS on and after January 1, 1996 . Patient data, including sociodemographic characteristics, symptoms and signs, diagnoses, treatments, and laboratory values, were abstracted from medical charts and entered into an electronic database by trained staff. These data were reviewed for quality and analyzed centrally. Since its inception, the HOPS protocol has been reviewed and approved annually by the institutional review boards of the Centers for Disease Control and Prevention and each local site. Written informed consent was obtained from all participants.
Patient Selection and Definitions
We included patients active in the HOPS on or after January 1, 1996 with at least 2 HOPS visits. Start of observation (baseline date) was defined as January 1, 1996, or date of the first HOPS visit thereafter, with first HOPS visit being no later than December 31, 2010. We analyzed data on incident cancer cases diagnosed from 1996 through 2010, focusing on first cancer diagnosis events and ignoring subsequent diagnoses of the same cancer in the same patient. Persons with a prevalent cancer of a given type, ie, cancer diagnosis prior to start of observation (baseline date), were excluded from the analysis for that particular cancer type. Ascertainment of prevalent cancers for our study was based on both self-reported history and standardized medical record review of all cancer data in the HOPS database.
Deaths were ascertained through periodic matches with the Social Security Death Index (last done in September 2011). We analyzed the HOPS dataset updated through March 31, 2013 to allow for mortality reporting lag; however, for analysis, records were censored at December 31, 2010. For cancer incidence, patients were followed from baseline date to the earlier of first incident cancer diagnosis, last HOPS contact plus 183 days, December 31, 2010, or death if it occurred within 183 days of last HOPS contact. For mortality analyses, patients were followed from the date of first incident cancer diagnosis to the earlier of last HOPS contact plus 183 days, December 31, 2010, or death if it occurred within 183 days of last HOPS contact. Recorded deaths that occurred later than last HOPS contact plus 183 days were censored.
Our cancer case classification was decided by 1 investigator and reviewed and adjudicated by another for concurrence. Because cART use and cancer prevention strategies and treatment have changed over time, we created a categorical variable for calendar period (1996-2000, 2001-2005, 2006-2010) to include in our analyses. For cancer incidence analyses, patients can be represented in more than 1 calendar period and in more than 1 cancer category (as defined below).
Acquired immune deficiency syndrome-defining cancers (ADC) included Kaposi's sarcoma, non-Hodgkin lymphoma including central nervous system lymphoma, and invasive cervical cancer. Because it is biologically plausible that infectionrelated cancers, which are mediated by oncogenic viruses, may be more common among persons infected with HIV, we decided to further classify non-ADC into infection-related or noninfection related. [17] Non-AIDS-defining infection-related cancers included Hodgkin's lymphoma, Merkel cell carcinoma, Castleman's disease, leiomyosarcoma, squamous cell carcinoma (all anatomic locations), and cancers of the anus, stomach, liver, vagina, vulva, penis, and oropharynx. Non-AIDS-defining noninfection-related cancers included basal cell carcinoma of the skin, melanoma, hidradenoma, myeloma, leukemia, neuroma, adenocarcinoma, sarcoma, and cancers of the lung, bone, brain, breast, ovaries, bladder, ureter, prostate, testicle, colon, thyroid, esophagus, kidney, pancreas, gallbladder, uterus, skin, pituitary, and others not considered NADCI [17] (Appendix  Table) .
Acquired immune deficiency syndrome-defining conditions included candidiasis, coccidioidomycosis, cryptococcal meningitis, systemic cryptococcosis, cytomegalovirus (CMV) colitis, CMV retinitis, CMV esophagitis, CMV pneumonitis, herpes encephalitis, herpes bronchitis or pneumonitis, histoplasmosis, HIV encephalopathy, invasive cervical cancer, Kaposi's sarcoma, disseminated infection with Mycobacterium avium complex, non-Hodgkin lymphoma, progressive multifocal leukoencephalopathy, Pneumocystis pneumonia, toxoplasmosis, Mycobacterium tuberculosis of any site, disseminated tuberculosis or extrapulmonary tuberculosis, and wasting syndrome.
Hepatitis B infection was defined as having any of the following diagnosis codes: acute hepatitis B, chronic hepatitis B, hepatitis B with delta virus; or having a positive laboratory result for any of the following: hepatitis B surface antigen, hepatitis B E antigen, hepatitis B viral load, hepatitis B core antigen, or hepatitis B core antibody. Hepatitis C infection was defined as having a diagnosis or a positive hepatitis C viral load.
Statistical Analysis
To calculate cancer incidence, we included cases of cancer during follow-up that were a different type (ADC, NADCI, or NADCNI) from any prevalent cancer for each patient. An incident cancer was a cancer first diagnosed after baseline, and of a type not also diagnosed in the patient at or before baseline. A person with multiple cancer types during the study period could be included in more than 1 of the cancer categories (ADC, NADCI, or NADCNI). Therefore, a patient could be included in more than 1 of the incidence analyses, but for the mortality analysis, the patient's first incident cancer type determined cancer category inclusion. We calculated baseline age-(<40, 40 to 50, and >50 years) and sex-adjusted incidence rates per 100 000 person-years of observation time for ADC, NADCI, and NADCNI for 3 consecutive 5-year time periods: 1996-2000, 2001-2005, and 2006-2010, because estimated annual incidence rates were low and imprecise, and cART uptake increased steadily across these time periods. Age of patients followed in each time period was calculated at the beginning of each respective time period. We compared age-and sex-adjusted cancer incidence rates by calendar period of cancer diagnosis, cancer category, and for selected cancer types within each category. Likewise, we compared age-and sex-adjusted mortality rates after cancer diagnosis by calendar period of diagnosis and cancer category, with age calculated at date of cancer diagnosis. Confidence intervals for the rates were calculated assuming a Poisson distribution for the rates. Trends in incidence rates across the 3 time periods were evaluated using linear regression. Differences in patients' median age, median CD4 cell count, and median viral load by calendar period or cancer category were assessed using a Kruskal-Wallis test. Mortality risks were compared statistically using hazard rate models as described below.
To evaluate factors associated with incidence of specific cancer categories, we used multivariable Poisson regression models, with a log-transformed offset variable for years of follow-up, that considered the following categorical variables: calendar period of observation to which follow-up time could be contributed by each patient (1996-2000, 2001-2005, 2006-2010) , age at baseline (<40, 40 to 50, and >50 years), sex, race (non-Hispanic white race vs other race/ethnicity), HIV risk group (men who have sex with men [MSM] vs other risk), history of AIDS-defining conditions (yes vs no), nadir CD4 cell count at baseline (<200 cells/mm 3 vs higher), undetectable viral load at baseline (HIV RNA <400 copies/mL vs higher), hepatitis B infection (current/prior vs none), history of tobacco use (current/prior vs never), and antiretroviral exposure (cART use vs no cART use). Variables retained for the final models were identified by a backward stepwise selection process, excluding variables one at a time in the order of highest P value >.05, and included some factors that were clinically important (decided upon before analysis) but not necessarily statistically significant (cART use, nadir CD4 cell count, HIV RNA <400 cells/mL, and hepatitis B infection). In some analyses, due to small cell sizes, categories for variables such as nadir CD4 count were collapsed or grouped in the modeling process (see Table 1 for full variable definitions).
To evaluate factors associated with mortality after incident cancer diagnosis, we used Kaplan-Meier survival methods and log-rank statistical tests for univariate comparisons. We then used multivariable Cox proportional hazards regression models that considered the following variables determined at cancer diagnosis: calendar period of cancer diagnosis, age (in units of 10 years as a continuous variable), race (non-Hispanic white race vs other race/ethnicity), nadir CD4 cell count (<200 cells/mm 3 vs higher), undetectable viral load (<400 copies/mL vs higher), tobacco use (current/prior vs never use), and antiretroviral exposure (cART use vs no cART use). Similar to the Poisson analysis, we retained for the final models variables identified by a backward stepwise selection process, excluding variables one at a time in the order of highest P value >.05; we kept selected variables in the final models that were not significant. If a variable was significant in the analysis of 1 cancer outcome, it was forced into the other 2 analyses. The earliest incident cancer diagnosis date defined the start of follow-up for each person when determining survival time; persons contributing more than 1 incident cancer were included only once in the survival analyses and assigned to the category corresponding to the person's first incident cancer type. Observation continued until death (if documented within 183 days [ie, ∼6 months] of last patient contact), or was censored at last patient contact plus 183 days (when patients not known to be deceased were assumed to be alive), whichever occurred first. We examined all-cause mortality; we did not analyze mortality due to cancer because this outcome could not be reliably ascertained in the database. Due to small sample sizes, some factors were included as continuous variables while others were collapsed into categories for the modeling process. Summaries of descriptive data, univariate analyses, Cox proportional hazards regression, Poisson modeling, and the survival analyses that generated Kaplan-Meier curves were performed using SAS version 9.3 (SAS Institute, Cary, NC). Statistical comparisons with two-sided P values <.05 were considered significant.
RESULTS
Study Participant Characteristics
Among 8350 HOPS participants included in this analysis, the median age at baseline was 38 years (interquartile range [IQR], 32-44), 79.3% were male, 52.5% were non-Hispanic white, and 56.6% were MSM. At baseline initiation of observation, the median nadir CD4 cell count was 199 cells/mm 3 (IQR, 58-352), 31.4% had an undetectable viral load (HIV RNA <400 copies/mL), and 55.8% reported current or past tobacco use (Table 1) . Of the 8350 participants, 627 (7.5%) were diagnosed with a total of 664 cancers. Participants with incident cancer were significantly more likely than persons without cancer to be older, male, non-Hispanic white, MSM, have a history of AIDS-defining conditions, have a lower median nadir CD4 cell count, and exposure to antiretrovirals at baseline (all P < .001; Table 1 ). Characteristics of participants by cancer category are also shown in Table 1 . Over the calendar periods examined, the median age of patients followed during each time period increased significantly from 36 years (IQR, 31-42; period 1996-2000) to 43 years (IQR, 36-49; period 2006-2010) (P < .001), the median nadir CD4 cell count of patients followed in each time period increased significantly from 222 (IQR, 71-390) to 283 (IQR, 122-450) cells/mm 3 (P < .001), and the median cohort baseline log 10 viral load decreased significantly from 3.8 (IQR, 2.4-4.8) to 3.6 (IQR, 2.0-4.7) copies/mL (P < .001).
Cancer Incidence and Associated Factors
Over the 3 time periods, the age-and sex-adjusted incidence rates per 10 5 person-years for ADC decreased (P < .001), NADCI showed no significant trend (P = .13), and NADCNI decreased (P < .001) (Figure 1a) . In multivariable analyses (Table 2) , factors associated with increased rates of incident ADC included early calendar period (1996-2000 vs 2006-2010), age 40-50 years at baseline, being a man who had sex with other men, having a history of an AIDSdefining condition at baseline, and having a nadir CD4 cell count <200 cells/mm 3 . Factors associated with incident NADCI included early calendar period (1996-2000 vs 2006-2010), age ≥40 years at baseline, non-Hispanic white race, having a nadir CD4 cell count <200 cells/mm 3 , baseline history of hepatitis B infection, prior or current tobacco use at baseline, and cART use at baseline. Factors associated with incident NADCNI included early calendar period (1996-2000 vs 2006-2010), age ≥40 years at baseline, non-Hispanic white race, not being a man who had sex with other men, and having a detectable viral load.
Factors Associated With All-Cause Mortality After Cancer Diagnosis
Over the 3 time periods, the age-and sex-adjusted mortality rates per 10 5 person-years after cancer diagnosis decreased for ADC (n = 249 patients, 104 deaths; P < .001) and for NADCNI (n = 237 patients, 75 deaths; P < .001), whereas for NADCI there was no significant change (n = 178 patients, 56 deaths; P = .53) (Figure 1b) . Factors associated with all-cause mortality among persons with ADC were nadir CD4 cell count <200 cells/mm 3 and HIV RNA ≥400 copies/mL. Among persons with NADCI, no associated factors were identified. Among persons with NADCNI, associated risk factors were older age at cancer diagnosis, nonwhite race, nadir CD4 cell count <200 cells/mm 3 , viral load ≥400 copies/mL, and prior or current history of tobacco use (Table 3) . Overall, 5-year survival differed significantly by cancer category (54.5% for ADC vs 65.8% for NADCI and 65.9% for NADCNI; P = .018), as did median CD4 cell count at diagnosis (107, 241, and 420 cells/mm 3 , respectively; P < .001) and median log 10 viral load at diagnosis (4.1, 2.3, and 2.0 copies/mL, respectively; P < .001) (Figure 2a ). In addition, 5-year survival after any cancer diagnosis during 1996-2000, 2001-2005, and 2006-2010 improved in each consecutive period (51.7%, 68.2%, and 67.2%, respectively; P < .001), as did median CD4 cell counts at diagnosis (149, 329, and 374 cells/ mm 3 , respectively, P < .001) and median log 10 viral load at diagnosis (3.5, 2.7, and 1.7 copies/mL, respectively; P < .001) (Figure 2b ).
DISCUSSION
Our data suggest that the incidence rates for ADC and NADCNI have decreased over time while incidence of NADCI has not changed significantly in age-and sex-adjusted analyses. The concomitant increase in median CD4 cell count and decrease in median log 10 viral load at cancer diagnosis among HOPS participants over the same time periods suggest that the reduced incidences of cancers related to advanced HIV disease and noninfection-related cancers are likely related to improved immunity, possibly mediated through improved tumor surveillance. In our Poisson analysis, incidence rates of all types of cancers decreased over time, with statistically significant decreases between the first and last observation period (1996-2000 vs 2006-2010) . Low nadir CD4 cell count (<200 cells/ mm 3 ) was associated with incidence of both ADC and NADCI. Our findings are similar to other published studies, which demonstrated that lower CD4 cell count was an independent predictor of cancer incidence. [40, 41] Incidences of all 3 cancer categories were lower in later time periods, consistent with the hypothesis that improved HIV therapy in recent years may have had a protective effect. Furthermore, detectable viral load was associated with increased incidence of NADCNI. This finding suggests that achieving and maintaining viral suppression may reduce cancer risk, which is especially relevant because persons with HIV infection live longer. The overall 5-year survival rates after diagnosis of ADC, NADCI, and NADCNI were significantly different. As expected, patients with ADC had significantly lower median CD4 cell counts and higher median log 10 viral loads at diagnosis and lower survival rates than patients with non-AIDS-defining cancers (Figure 2a ). In addition, 5-year survival after any cancer diagnosis improved over time in the cART era, as did the median CD4 cell count at cancer diagnosis. These findings suggest that improved immunity may favorably influence mortality among HIV-infected persons with cancer, an observation consistent with results from other studies that have shown that the severity of immunosuppression is predictive of mortality from cancer. [35, 38, 42] In addition, because 5-year survival improved over time, we observed a concomitant improvement in median log 10 viral load at cancer diagnosis, suggesting that virologic suppression may help improve survival of HIV-infected persons with cancer.
Mortality after cancer diagnosis was significantly associated with low nadir CD4 cell count (<200 cells/mm 3 ) and detectable viral load (≥400 copies/mL) at cancer diagnosis for persons Note: Not all patients included in all analyses due to missing nadir CD4 cell count or viral load.
Abbreviations: AIDS, acquired immune deficiency syndrome; cART, combination antiretroviral therapy; CI, confidence interval; HBV, hepatitis B virus; HIV, human immunodeficiency virus; IDU, injecting drug use. a Race/ethnicity and HIV exposure risk were collapsed due to small numbers for some groups and/or similar rate ratios.
with ADC and for persons with NADCNI in our multivariable analysis. This finding suggests that early initiation of cART and maintenance of virologic suppression may improve survival among HIV-infected persons with these cancers. It is also likely that improvement in modalities of cancer therapies may also have contributed to improved survival. For persons with NADCNI, mortality was also significantly associated with age at cancer diagnosis, non-Hispanic black race, low nadir CD4 cell count, detectable viral load, and tobacco use. These data suggest that although mortality was associated with traditional risk factors such as age and tobacco use, persons of black race were at increased risk of death after their cancer diagnosis. We noted that persons of race or ethnicity other than non-white Hispanic were significantly more likely to have public health insurance (data not shown). Together, these data suggest that although mortality from NADCNI was associated with traditional risk factors such tobacco use, social inequalities and health disparities may contribute to mortality risk. In addition, the association of low nadir CD4 count with mortality among persons with non-AIDS noninfection-related cancers suggests that profound immunosuppression contributes to the risk of death, further underscoring the importance of diagnosing and treating persons infected with HIV early.
Our study had several limitations. Our data are collected from HIV-infected persons receiving care in HIV specialty clinics in select cities across the United States, and non-Hispanic blacks and Hispanics are somewhat underrepresented in this cohort, thus our findings may not be generalizable to the entire HIVinfected population. Cancer case ascertainment in the HOPS is currently underway for a subset of sites as part of a cancer validation for the North American AIDS Cohort Collaboration on Research and Design to which the HOPS contributes data; however, a low case ascertainment rate would bias towards underestimating cancer incidence. We may also have misclassified cases in terms of cancer type, but we believe any misclassification has been minimized and probably would result in a minimal or insignificant error. We do not have consistent individual data on stage and grade of cancer, coinfection with all oncogenic viruses, especially human papillomavirus, and thus could not examine their independent effects on cancer incidence and mortality among persons with cancer. Furthermore, we were unable to examine mortality stratified by specific cancer type because of the small sample sizes in each cancer category and also because of difficulty in accurately documenting cancer-specific mortality; instead, we present all-cause mortality among persons with cancer. Lastly, we were unable to compare rates in our HIVinfected population with those in the general population. Note: not all patients included in all analyses due to missing nadir CD4 cell count or viral load.
Abbreviations: CI, confidence interval; cART, combination antiretroviral therapy; HIV, human immunodeficiency virus; HR, hazard ratio. a Race/ethnicity variables collapsed due to small numbers for some groups and/or similar hazard ratios.
Collectively, our findings suggest that virologic suppression has a beneficial role in terms of reducing risk for cancer among persons infected with HIV, especially for ADC and NADCI. Other studies have shown that cART may be protective against developing malignant disease, [29, 43] and our study is consistent with those findings given the reduced incidence and mortality in recent years. Furthermore, our findings support the early initiation of cART to suppress HIV viral replication and maintain higher CD4 cell counts to prevent immune system damage, because viral suppression and improved immunity may help delay or reduce mortality and increase survival times among HIVinfected persons with cancer. [29, 34, 35, 39, 44] Clinicians should be aware of the elevated cancer risks among their HIV-infected patients. [15] Among patients with concerning signs and symptoms as well as relevant coinfections (eg, viral hepatitis) and behavioral risk factors (eg, tobacco use), clinicians should have a low threshold to aggressively pursue a potential diagnosis of cancer. Cancer prevention and early cancer detection and treatment should be considered priorities in the long-term management of HIV-infected persons. In particular, primary prevention strategies such as tobacco cessation and vaccination against oncogenic viruses such as hepatitis B and human papillomavirus should be optimized. Potential benefits of early cART initiation, both for reducing the incidence of non-AIDSdefining cancers and for improving survival of patients already diagnosed with various cancer types, warrant further study.
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